Abstract. We obtained equations for a thin magnetic accretion disk, using the method of asymptotic approximation. They cannot be solved analytically-without solutions for a magnetic field in the magnetosphere between the star and the disk, only a set of general conditions on the solutions can be derived. To compare the analytical results with numerical solutions, we find expressions for physical quantities in the disk, using our results from resistive and viscous star-disk magnetospheric interaction simulations.
Introduction
Gravitational infall of matter onto a rotating central object naturally forms a rotating accretion disk. Matter from the disk is then fed inwards through an accretion column. Examples of single objects with a disk around them are protostars and young stellar objects, and in close binary systems a disk can form when matter from donor star falls onto a white dwarf or a neutron star.
Analytical hydro-dynamical model of a thin accretion disk, with viscosity parameterized by Shakura & Sunyaev α-prescription, has been given in Kluźniak & Kita (2000) . We extend this model, obtaining the equations for a magnetic thin disk. Analytical solution in the magnetic case cannot be given without knowing the solutions in a star-disk magnetosphere, only general conditions on solutions could be derived.
We perform numerical simulations of star-disk magnetospheric interaction, adding a stellar rotating surface and a magnetic field to the analytical hydro-dynamical disk solution used as an initial condition in simulations. A quasi-stationary solution is obtained, from which we find simple matching expressions for physical quantities in the disk. Those expressions can be compared with requirements from the analytically obtained equations for the magnetic disk and with the hydro-dynamic analytical and numerical solutions.
Numerical setup
We use the publicly available pluto code (v.4.1) (Mignone et al. 2007; 2012) , with logarithmically stretched grid in radial direction in spherical coordinates, and uniformly spaced latitudinal grid. Resolution is R × θ=[217 × 100] grid cells, stretching the domain to 30 stellar radii. We perform axisymmetric 2D star-disk simulations in resistive and viscous magneto-hydrodynamics, following Zanni & Ferreira (2009) The equations solved by the pluto code are, in the cgs units:
Symbols have their usual meaning. The underbraced Ohmic and viscous heating terms and the cooling term are removed in our computations, to prevent the thermal thickening of the accretion disk. This equals the assumption that all the heating is radiated away from the disk. The solutions are still in a non-ideal magneto-hydrodynamics regime, because of the viscous term in the momentum equation, and the resistive term in the induction equation.
Analytical solutions ver. numerical solutions
We extended the asymptotic approximation from a hydro-dynamic Kluźniak & Kita (2000) thin accretion disk solution to a magnetic case. Without knowing the solution for a magnetic field in a star-disk magnetosphere, which is connected with the solution in √ ρ d0 , whereṀ0 is the free parameter in the simulations, denoting the disk accretion rate, and vK⋆ is the Keplerian velocity at the stellar surface.
the disk, obtained equations cannot be solved analytically. In addition to the solutions which remain the same as in the hydro-dynamical case, only general constraints on the magnetic solution could be derived.
We compare the obtained analytical solutions and constraints in the magnetic case with the results from simulations. To do this, we write the solutions from simulations in terms of matching expressions-which are not formal fits, but simple matching functions chosen to represent the result within 10% of the value from the simulation, when there is no oscillations. In all the cases, the match is chosen to the solution in the middle of the disk, further away from the star than the corotation radius, where the disk co-rotates with the star, which is at R cor = 2.9R ⋆ .
We confirm that in the middle part of the disk, at R=15R ⋆ , the numerical solution in the magnetic case does not differ much from the hydro-dynamical analytical and numerical solutions. The difference is only in the proportionality coefficients k in the expressions for physical quantities and in the corresponding power laws.
